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I.-GLACIERS OF PORT WELLS, PRINCE WILLIAM 
SOUND* 

BY 

U. S. GRANT AND D. F. HIGGINS 

COLLEGE FIORD 
Pushing westward from Unakwik Inlet and the Meares Glacier 

one makes his way through the picturesque passage between Esther 
Island a bold mountainous mass of granite-and the mainland 
into the waters of Port Wells (Fig. i). Port Wells with its two 
large arms, College and Harriman fiords, forms the extreme north- 
western part of Prince William Sound. The valley in which Port 
Wells lies is a very extensive one, reaching from the front of the 
Hlarvard Glacier south-southwest through Cochrane Bay to the 
head of Port Nellie Juan, a distance of 56 miles at sea level. The 
same straight depression is continued for an unknown distance both 
north-northeast and south-southwest of the points named. On the 
east side of College Fiord, two or three miles inland, one sees the 
Amherst and Crescent glaciers which, from the water, appear to be 
the same as when they were photographed by the Harriman Alaska 
Expedition in i899. About the head of College Fiord (Fig. 2) clus- 

ters a group of large and exceedingly interesting glaciers. Most of 
these were named by-the Harriman Alaska Expedition after various 
colleges, and we have added similar names (Williams, Dartmouth, 

* Published with the permission of the Director of the United States Geological Survey. 
The first article in this series appeared in the Bulletin, Vol. 42, I910, pp. 72I-738. A general 

map of Prince William Sound, showing the location of the various fiords and bays noted below, accom- 
panied that article. 
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Holyoke, Barnard, and Baltimore) to the larger remaining glaciers. 
Along the western side of College Fiord is a lofty mountain range, 
the prominent peak at the south end of which is named in honor of 
Professor B. K. Emerson who visited this district in I899. 
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YALE GLACIER~~~~~~~~~~~ t 

The first account of the Yale Glacier was written by Menden- 
hall* in I898. In I899 the glacier was visited by the Hiarriman 
Alaska Expedition and described by Gilbert.t In I905 we made a 

* Mendenhall, W. C., A Reconnaissance from Resurrection Bay to the Tanana River, Alaska, in 
i898: 20th Ann. Rep. U. S. Geol. Survey, pt. 7, 1900, pp. 273, 325. 

t Harriman Alaska Expedition, vol. 3, 1904, p. 83. 
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hasty visit to the east arm of College Fiord, and in I909 spent about 
half a day in the vicinity of the Yale Glacier. 

Notes and photographs by both Mendenhall and Gilbert com- 
pared with observations made in I909 show that there has been no 

Ma netic,N ~ ~ ~ ' 

FIG. 2.-Map of the head of College Fiord, July. I909. The points marked by circles 
are stations from which photographs were taken. 

marked advance at the edges of the ice front since I898, but the 
eastern side of the glacier was slightly farther advanced in the later 
year. Gilbert says, "The trough in which it [the glacier] lies is 
forested along the water edge on both sides for the greater part of 
the distance from the main fiord-to the glacier, but barren in the im- 
mediate vicinity of the glacier. There are straggling trees high on 
the valley wall at the end of the glacier, but they do not come down 
close to the ice." This was the condition of affairs at the time of 
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our visit in I909, excepting that there was a very narrow bare zone 
on each side of the glacier. On the east side the ice is separated 
from grass and alders by but a few rods of rock debris. Possibly 
these narrow bare areas are due to no more than the rapid melting 
away of the ice in the summer. Although the sides of the fiord are 
barren of trees they are clothed with a tangle of salmonberry bushes 
and alders up to the line where the scattering timber begins. This 
line is very distinct on each side of the fiord. It is practically hori- 
zontal at an elevation of goo feet (estimated) and peobably marks 
the lateral margin of the great ice stream which once occupied the 
entire fiord. 

The published maps show the front of the glacier as approx- 
imately straight, but intersections on the front in I909 showed that 
the east part of the glacier projects farther than the west part. The 
former portion is held in place by a hard ledge of rock extending 
about parallel with the axis of the glacier. Figures 2 and 4 show this 
feature of the front as well as portions of the rock peeping out from 
under the ice cliff. This ledge shows distinctly in a photograph by 
Curtis in I899. The tiny islands in the foreground are gull rook- 
eries and belong to the same hard rock layers. The station from 
which this view was taken is on a glaciated knob of the same re- 
sistant formation. Careful examination of the Harriman Expedi- 
tion photographs shows that the ice front was then probably as now. 
The irregular shape may have been overlooked in a rather cursory 
survey, for we have noticed that in a perspective view ice fronts 
are very deceiving and that a seemingly straight wall of ice often 
shows very unexpected variations when more closely examined. 

The growth of a mature alder thicket close down to the ice in- 
dicates that the glacier front is now close to its maximum advance 
in a period of perhaps 50 or more years. The gravelly point a mile 
below the glacier on the east side of the fiord is probably the re- 
mains of an older terminal (recessional) moraine. This moraine, 
however, is younger than the time of greater ice extension indicated 
by the lower limit of the spruce forest about goo feet above sea 
level. 

HARVARD GLACIER 

The Harvard Glacier is the trunk glacier of College Fiord and 
is the largest and most impressive of that inlet. The glacier has 
several feeders and 6 distinct medial moraines, as well as other less 
distinct drift accumulations on its surface. The frontal cliff is esti-- 
mated to be 350 feet in height and at the times of our visits was 
discharging abundantly, the water down as far as College Point car- 
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Tying much ice. Waves generated by the fall of icebergs and the 
strong currents in front of the glacier make it impracticable to ap- 
proach near the glacial front in a small boat. Reports are current 
that the native seal hunters in bidarkas have been drawn under 
the glacier by northward flowing currents. At the time of our visit 
in I909 there were marked northward-flowing currents on both 
sides of the fiord near its upper end. The head of the Harvard 
Glacier is in lofty mountains far back from the glacial front. The 
most distant of these mountains were roughly estimated, by inter- 
section of small angles, to be about sixty miles from the frontal 
cliff of the glacier. 

The Harvard Glacier was visited by the Harriman Alaska Ex- 
pedition in I899.* We saw and photographed the glacier at a dis- 
tance in I905 and at close range in I909. Gilbert's description of 
the Harvard Glacier calls attention to the relation of this to the 
southernmost feeder on the west, the Radcliffe Glacier, and notes 
that the two barely coalesced in I899 and that the medial moraine 
of the feeder extended without curvature to the frontal cliff. A 
photograph taken in I905 shows that practically the same condi- 
tions prevailed at that date. In I909, however, this medial moraine 
was distinctly curved (as Gilbert predicted, should the glaciers ad- 
vance) and it followed the general axis of the trunk stream for half 
a mile before reaching tide water (Fig. 5.) Thus the position of 
the west side of the front of the Harvard Glacier was approxi- 
mately the same in I899 and I905, but there was an advance pre- 
vious to July i, I909, at which time the ice front is estimated to 
have been half a mile farther south than on the earlier dates. 

Gilbert reports, from a study of photographs, that in I899 the 
eastern side of the front of the Harvard Glacier was I,000 to 
2,000 feet north of the apex of an alluvial fan made by a stream 
from a small hanging glacier. A photograph taken I0 years later, 
compared with his statements and photograph,t indicates that in 
I909 the eastern side of the glacial front was farther advanced than 
in I899, roughly estimated at a quarter of a mile. 

BRYN MAWR GLACIER 

On the west side of College Fiord is a series of beautiful small 
glaciers (Figures i and 2) which fed the great ice stream which 
once occupied the whole fiord. Four of these,-the Smith, Bryn 
Mawr, Vassar, and Wellesley glaciers,-now reach tide water, 

* Harriman Alaska Expedition, vol. 3, 1904, pp. 84, 86, 89. 

t Harriman Alaska Expedition, vol. i, I9OI, pl. facing p. 72. 
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while the others end high up on the rocky wall of the fiord. The 
Bryn Mawr Glacier is the largest and the most attractive of those 
on the west side of College Fiord. It is a veritable ice cascade, and 
the impression of a rushing torrent is ever present to one who views 
the glacier from directly in front and at short range (Fig. 6). The 
glacier is formed by two trunk streams which unite about a mile 
back from tide water. The two streams flow in a deep valley of 
fairly gentle slope, but just before joining they plunge over a steep 
slope. Below this the glacier has a gentle gradient for about half 
a mile and then another and still more tumultuous fall leads nearly 
to tide water, before reaching which the glacial profile flattens again 

,~ ~ ~ ~ ~~ s ,--- 
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FIG. 3-East side of front of Yale Glacier from Point I (Fig. 2), July z, zgog. This photograph and 
Fig. 4 were taken from the same point and together form a panorama of the Yale Glacier. 

on the floor of College Fiord. Below the crest of the upper fall the 
glacier lies in a very shallow trough. The crests of these ice falls 
are thought to represent the approximate upper limits of the trunk 
glacier of College Fiord at two earlier stages in its history; and the 
Bryn Mawr Glacier of today occupies a hanging valley on the side 
of this fiord. Similar characters are shown by other glfciers of 
College Fiord and their significance has been noted by Gilbert.* 

A comparison of the photographs taken in i899t with those 
taken in I909 indicates that the glacier was farther advanced at the 
latter date and that its front (especially the southern half of the 
front) deployed more widely on the shallow bottom of College 

* Harriman Alaska Expedition, vol. 3, 1904, pp. 86-88, 175-6. 

t See also Harriman Alaska Expedition, vol. 2, p. 276, and vol 3, frontispiece. 
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Fiord. A photograph taken in 1905 (Fig. 6) and an impression 
gained four years later indicate that the glacier was less advanced 
at the earlier date, and that it was then (I905) at approximately 
the same position as in I899. Any close estimate of the actual 
amount of this advance (as recorded in the photographs taken in 
I9o9) is impracticable from the data at hand, but it is probably as 
much as 500 feet. 

HARRIMAN FIORD 
The first recorded visit to Harriman Fiord was made by the 

Harriman Alaska Expedition in I899 and the main glaciers were 
named by. the members of that expedition. (See Fig. 7.) Previous 

FIG. 4-West side of front of Yale Glacier from Point I (Fig. 2), July !, Igog. Point I is a small round 
rock knob, rising 30 to 4o feet above the water; this knob is part of a resistant stratum 

which forms the small point in the right-hand foreground of the photograph and 
also the small rock masses just projecting from under the front of the glacier. 

to that date the Barry Glacier, lying at the sharp bend in the fiord, 
was the only one which had been recorded, and earlier explorers 
evidently assumed that this ice stream filled the whole end of this 
arm of Port Wells. That this glacier has not, however, extended 
across the fiord for a long series of years is shown by the vegeta- 
tion, including a sparse forest, coming down nearly to the water's 
edge opposite this glacier; and by well authenticated reports that 
native seal hunters had repeatedly gone past the front of the Barry 
Glacier and into the inner part of the fiord. To the Harriman Ex- 
pedition is, however, due the credit of bringing to public knowledge 
this magnificent fiord hemmed in by lofty mountains whose sides 
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and valleys carry many glaciers. Five of these ice streams reach 
tide water. 

Of the points of scenic interest in Alaska, as far as the glaciers 
are concerned, three stand out prominently-Glacier Bay, the Yaku- 
tat-Disenchantment Bay region, and Harriman Fiord. The pano- 
rama of mountain, ice, snow, and water which unfolds itself from 
points along the southeastern shore of Harriman Fiord has few 
equals anywhere in the world. 

The most striking' peaks about the fiord are Mt. Gilbert on the 
north and a four-peaked summit, Mt. Muir, on the west of the Ser- 
pentine Glacier. A rough estimate, made by vertical angles, of the 

6r 

1_S ~~~~~~~~~~2 

FIG. 5-Western part of front of Harvard Glacier, showing its southernmost feeder (the Radcliffe 
Glacier).' The photograph was taken from Point 'L (Fig. 2), on July I, I9o9. The 

western medial moraine of the Harvard Glacier is the continuation of the 
medial moraine of the Radcliffe Glacier. 

altitudes of these gave results approximating IO,OOO feet in each 
case. These peaks are named after Grove Karl Gilbert, geologist 
on the U. S. Geological Survey, and John Muir, the veteran natur- 
alist, both of whom were among the first scientists to see Harriman 
Fiiord. 

The records of the fluctuations of the glaciers in Harriman lFiord 
are unfortunately fragmentary. Gilbert's descriptions are mainly 
from a study of photographs and the accounts of others.* Our 
photographs taken in I905 were few, and in I908~ time permitted 
only a hurried view of the Barry Glacier. In igog a little more 

* Op. cit., pp. 89-97. 
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time was spent in Harriman Fiord, but very much less than the 
locality deserves. Sufficient data are at hand, however, to show 
that the Barry and the Surprise glaciers have retreated markedly 
in the last Io years, while the Serpentine, Cataract, Harriman, and 
Toboggan glaciers have shown much less change in that time. 

BARRY GLACIER 

The Barry Glacier is in some ways the most interesting in Har- 
riman Fiord and there is a more complete record of its fluctuations 

AI 

~~~~~~~~~~~~~~~~~~~~~~~~~~- ---- -- --- 
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FIG. 6-Bryn Mawr Glacier, Aug. 21, 1905. 

than of any other in Port Wells. In i899 the front of the glacier 
was well out into the waters of Harriman Fiord, and ten years later 
-this glacier showed a much greater retreat than any other of the 
glaciers we have studied. From I899 to I909 the Barry Glacier 
retreated a distance of approximately 2.I miles measured along the 
axis of the glacier (Fig. 7). From I899 to I905 the retreat was I.2 

miles; from I905 to I908, .4 mile; and from Aug. ii, I908, to June 
29, I909, .5 mile. In I899 there was a long point of ice extending 



330 Glaciers of Prince William Sound and the 

Mt.- Giler 

1' b 

b O 
\ | | || .0 

0 

APtDoran, 

Mt.~~~~~~~~~~~~~~~~-'Mgei Mui 

0 

; < X | | a 

H.LEJ | X 

...-4~~~~~~~~~~~~~~~~ ~~ ei 



Southern Part of Kenai Peninsula, Alaska 331 

forward from the east side of the glacial front; in I905 there was 
a similar one from the west side; and in I909 a shorter one ex- 
tended forward from the east side. The two earlier points of ice 
were probably in the main unmelted stagnant portions of the glacier 
resting mostly above tide level, but the I909 projection was part of 
the moving glacier. 

Along both sides of the Barry Glacier there is an extensive bare 
zone between the ice and a mature spruce forest. (Part of this 
bare zone is shown in Fig. 8.) Near the antimony prospect south- 
east of the glacier there are fragments of trees in the drift, and near 
the southern limit of the bare zone at this locality are a number of 

~~~~~~ If 

* # _~~~~~~~~~~~~~~4 

FIG. 8--Western side of trough of the Barry Glacier from Point C (Fig. 7), June 29, igog. The western 
part of the front of the glacier is shown on the right; and on the left Is a waterfall in a stream 

which comes from a hanging valley in which is a small glacier. In 2899 the front of the 
glacier was a mile and a half beyond (to the left of) this waterfall; in igoS a 

quarter of a mile beyond; in zgo8 about half way between the waterfall 
and the present position of the glacial front. 

fallen trunks. The limit of this bare zone marks the maximum 
advance of the ice since the growth of the present forest. The 
ice probably stood near this point of maximum advance for some 
time during which was deposited the morainic accumulations on the 
west side of the bay in which is the glacier. No definite data estab- 

lishing the date of the end of this maximum advance are available, 
but the condition of the forest above the bare zone and the vegeta- 
tion on the morainic deposits just mentioned would indicate that 
such a maximum occurred some years ago, probably 25 or more. 
Still more advanced positions of the ice front have not bccurred for 

probably a few centuries. The glacier had retreated from this maxi-- 
mum position when it was first studied (i899). 
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The position of the west side of the ice front in I909 with refer- 
ence to the first feeder (Cascade Glacier) and the prominent water- 
fall from the hanging valley near the north end of the forested zone 
will assist in recording the amount of future fluctuation of this 
glacier (Fig. 8). 

SERPENTINE GLACIER 

The Serpentine Glacier is the first to reach tide water west of 
the Barry Glacier (Figs. 7 and 9.) A considerable bare zone, not 
covered by vegetation, along the sides of the Serpentine Glacier, 
and morainic accumulations in front of the glacier are evidences of 
an advance in comparatively recent years, but previous to I899. 
The bare zone on the side is underlain by a considerable lateral 
moraine deposited at the time of this advance. This glacier had an 
advance a few years before I899; in I905 the position of the front 
of the ice was approximately the same as in I899; and in I909 the 
ice front was farther back than at either of the other dates. The 
retreat from I905 to I909 is perhaps a quarter of a mile, and from 
the advance before I899 to the present the glacier has retreated ap- 
proximately half a mile on its center and eastern side and three- 
quarters of a mile on its western side. These distances are to be 
regarded only as estimates, for we did not study the front of this 
glacier at close range and most of our information comes from 
photographs. 

BAKER GLACIER 

The Baker Glacier is named after Dr. Marcus Baker, editor of 
the Geographic Dictionary of Alaska.* The neve and the ice stream 
of this glacier are practically one and nearly the whole glacier is 
shown in Figure IO. The surface of the Baker Glacier has a steep 
slope but near the sea the ice stream breaks over an almost vertical 
cliff from which the ice falls and accumulates near tide water. A 
small tongue of the glacier does, however, pass over this cliff and 
joins the ice below. These features can be seen in Figure IO, which 
shows the conditions in I909. In I905, however, there was no ice 
at the base of the cliff, the small tongue of the glacier came down- 
ward for only a short distance from the top of the cliff, and the ice 
front above the cliff was not so high and so prominent as in I909. 
The photographs to which we have access, taken in I899, show that 
conditions then were very similar to those in I909, but no front 
view of the glacier at the earlier date is available. 

* Bull. U. S. Geol. Survey No. I87, I902, and No. 299, igo6. 
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The Baker Glacier then shows a retreat between I899 and 1905, 

and in I909 the ice had advanced to and quite probably beyond its 
position of ten years earlier. Data are not at hand to measure the 
amount of this retreat and advance, but the distance is probably 
only a few hundred feet. 

In the study of these glaciers and mountains in the field, and also 
from photographs in the office, one finds it constantly necessary to 
enlarge his conceptions of distances and elevations. The glaciers, 
when seen both in the field and also in photographs, appear to be 
much shorter and so proportionally wider than they really are, and 
distant mountains seem to be very close at hand. It is not until one 
tries to make a plane table map of these glaciers and mountains and 

I~~~~~~~2 .51 

FIG. iI-Surprise Glacier from Point F (Fig. 7), June 29, 19o9. Detacht Glacier is on the extreme right 
of the photograph 

determines, by intersections, their locations and sizes that he gets 
a reasonably accurate conception of the distances. In the photo- 
graph here reproduced as Figure Io, the shore line is two miles, and 
the highest peaks (Mt. Muir) just to the right of the center are 
seven miles from the observer and the tops of these peaks are ap- 
proximately io,ooo feet above the sea in the foreground. 

SURPRISE GLACIER 

The Surprise Glacier reaches tide-water in a vertical cliff at the 
head of the west arm of Harriman Fiord. Along both sides of the 
glacier is a bare zone which extends forward ne-arly to the Cataract 
Glacier. Gannett's map of Port Wells* shows the front of the. Sur- 

* Harriman Alaska Expedition, vol. 3, I904, p1. 13. 
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prise Glacier practically at the point where the Cataract Glacier 
reaches tide-water. Photographs taken that year (I899), however, 
show that the two glaciers were separated by a distance which is 
estimated to be a quarter of a mile. In I909 the front of the Sur- 
prise glacier was much farther (estimated at I.I mile) back than in 
I899. How much of this retreat had taken place since I905 is not 
clear, for our photograph of that year is indistinct but it is certain 
that a considerable part of the retreat had occurred by I905. A 
rock ledge, divided into two parts, projected from the front of the 
glacier near its south side in I909 (Fig. II). Evidently this ledge 
would be covered by a slight advance of the ice, at least so it ap- 
peared from opposite the front of the Cataract Glacier, our point of 

Al: A :I TP f. . . . 
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FIG. I2-Front of Harriman Glacier from Point F (Fig. 7), June 29, rgo. 

observation nearest the Surprise Glacier. It is our recollection that 
no such ledge was visible in I905. 

The maximum advance of the Surprise Glacier in recent years 
is indicated by the bare zone, and by I899 the glacier had retreated 
about a tenth of a mile. This retreat was continued in I905, and 
by I909 the glacier had retreated i.i miles from its -position in I899. 

HARRIMAN GLACIER 

The Harriman is the trunk glacier of Harriman Fiord and comes 
to tide level at the southwest end of this body of water. The frontal 
cliff is estimated to be 300 feet in height. The glacier has several 
feeders and comes from an extensive and unexplored snow field 
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from which only a few snowless peaks emerge. Even in summer 
these mountains still retain most of their snow mantle (Fig. I2). 

Photographs of the eastern side of the front of the Harriman 
Glacier taken from Point H (Fig. 7) in I905 and I909 show that 
this side of the glacier retreated approximately 700 feet between 
these dates. A comparison of an I899 photograph* with the above 
indicates that between I899 and I905 the east side of the glacier 
retreated about half the above distance. As the two photographs 
were not taken from the same point this estimate of the retreat be- 
tween I899 and I905 is only approximate. On the west side of the 

'N~~~~~~~4 
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FIG. I3-Toboggan Glacier, Aug. 20, I905. The low mounds in the foreground represent a moraine 
formed by a very recent advance of the ice when it reached practically to tide water. 

ice front a careful examination in I909 of the glacier from the posi- 
tion of a photographt taken in I899 showed no noticeable difference 
in the position of the glacial front. In I899 a considerable embay- 
ment existed in the eastern third of the front of this glacier, but was 
not present in I905 and I909. 

* Harriman Alaska Expedition, vol. 3, 1904, pl. IS, upper figure. 

t Idem, pl. IS, lower figure. 
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TOBOGGAN GLACIER 

The Toboggan Glacier is a small ice stream coming from a con- 
siderable snow field which lies in the northern part of the peninsula 
separating Harriman Fiord from the lower part of Port Wells. 
This glacier has a marked bare zone along its sides and its end de- 
ploys on a flat not far above sea level (Fig. I2). We visited this 
glacier on August 2I, I905, and on June 29, I909. At the earlier 
date a small cairn was built on the north end of the first and most 
northerly projecting rock ridge on the right side of the valley as it 
is approached from tide-water. In I905 the center, or most ad- 
vanced part of the glacier, was 723 feet, as determined by pacing, 
distant from the cairn, whose location is shown on Figure 7 (Point 
E). Just at the extreme front of the ice at this date was a low rock 
ridge crossing the valley. In I909 the most advanced part of the 
glacier was 252 feet farther back than in I905. However, in I909 

a freshly deposited low moraine in the northern half of the plain in 
front of the glacier indicates that the ice sometime between I905 

and I909 had been about 400 feet in advance of its position at the 
earlier date. The map of I899* shows that the glacier did not reach 
tide water at that time, but the lack of vegetation on the bare zone 
at the side of the glacier and on the flat in front of it in I905 (Fig. 
I2) shows that the ice front has occupied an advanced position, 
reaching practically to tide water, at a very recent date, possibly 
but not probably later than I899. 

* Harriman Alaska Expedition, vol. 3, 1904, pl. I3. 
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